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The cryogenics and fluids branch at NASAôs Goddard Space 

Flight center has the experience and capabilities to perform the 

following cryogenics measurements:

ÅThermal conductivity

ÅElectrical resistivity

ÅSpecific heat capacity

ÅEmissivity

ÅAbsorptivity

& currently under development:

ÅCTE measurements 
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Å Many NASA missions include cryogenic instruments and parts that 

need to operate at cryogenic temperatures

Å It is common for NASA engineers to propose new candidate materials 

which have not been completely characterized at cryogenic 

temperatures

Å Selection of these materials often rely on meeting specific criteria (e.g

structural components may need to posses low thermal conductivity 

and high strength, or harnesses may need to have low electrical 

resistivity and low thermal conductivity, etc.)

Å The cryogenics and fluids branch at NASA Goddard Space Flight 

Center has successfully conducted thermophysical properties 

measurements of many materials for various missions including the 

James Webb Space Telescope.



Thermal conductivity - Intro
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Å Spacecraft and instruments include optimized materials/assemblies

- Highly-conductive annealed pure metals 

- Engineered materials

Polymers

Alloys

Composites

Ceramics

- Customized electrical cables/harnesses

Å Candidate materials often selected based on room temp. properties

Å Often longitudinal cryogenic thermal conductivity is unknown 

Å We developed a thermal conductivity facility for JWST in 2004

Å We have characterized more than 30 samples since then



Thermal conductivity - setup
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Å Based on approach described in 1973 

Moore, Williams and Graves RSI 

paper

Å Guard surrounds sample:

Controlling TGuard Top= TSample Top

reduces sample heat radiation

Å ñFiberfraxò insulation eliminates 

remaining sample radiation

Å Intermediate thermometers eliminate 

joint resistance effect

Å Optimizing sample heater and leads 

minimizes ohmicheating in leads

Å Lead heat-sinking minimizes lead 

heat conduction



Thermal conductivity - setup
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Test sample installed on base Guard installed and closed

Guard flange; Fiberfrax

Blanket



Thermal conductivity - considerations
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Å Thermometers

- LakeShore Cryotronics SD-package CernoxTM sensors

- Calibrated (resistance vs. T) from 1 to 325 K

Å Heaters

- Sample heater is 10 KWmetal-film resistor

- Leads: size, material chosen to give round-trip resistance less 

than ~10 W inside guard

- Base and guard heaters:  50 W

- made by winding stainless steel wire around flange

- we donôt measure the power for these heaters

Å Temperature readout/control boxes

- Cryogenic Control Systems Cryocon Model 32B Controller

Å Heater voltage and current readout

- Keithley Model 2000 6.5-digit multi-meters



Thermal conductivity - analysis
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Å For each value of Ὕ Ὕ3ÁÍÐÌÅὝ"ÁÓÅ/2:

- Perform 4 different steady-state òbalancesò

- For each balance, control Tguard= TSample> TBase

- Measure DT = TFar - TNear

- Measure ὗ= sample control power

Å To first order, differential measurement eliminates effect of absolute temperature 

errors

-
Ў

is more accurate than any single 
Ў

value

- Least-squares fit of 4 different DT values provides statistical uncertainty in 

Ў
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Thermal conductivity - limitations
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Å Worst-case error at 300 K

Å PVC has very low              

k= 0.16 W/m/K at 300 K

Å Modeled error vs. sample 

diameter inside 32 mm 

guard

Å Itôs best to make sample 

diameter as large as 

practical

Å This error is proportional 

to 1/k, so much lower for 

other materials



Electrical resistivity
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Å Electrical wiring for cryogenic systems is typically optimized to meet 

conflicting thermal and electrical performance requirements.

Å Samples of materials are used appropriately to enable accurate measurements 

of electrical resistivity.

Å The material is electrically isolated, yet heat sunk well to an isothermal 

ñplatformò and cooled down via the cryocooler.

Å A heater and thermometer embedded in the test plate enables precise 

temperature control of the sample.

Å We have used precise resistance bridges such as a PicowattAVS-47 or an LR-

700 to accurately measure electrical resistivity of samples. 



Specific heat capacity - Intro
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Å Candidate structural materials for the ISIM on JWST needed to be 

characterized through cryogenic heat capacity measurement.

Å A test configuration was designed and techniques devised to measure the 

specific heat capacity of several material between 4 and 290 K. 

Å Issues of radiative heat transfer onto the sample must have been addressed.

Å Measurement was conducted with the pulse technique.

Å Sample box measures 12 mm x 5 mm x 10 mm

Å Cernoxthermometers and metal film resistors were used as heaters for the 

measurement. 



Specific heat capacity - setup
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